In case of spacetimes with single horizon, there exist several wellestablished procedures for relating the surface gravity of the horizon to a thermodynamic temperature. Such procedures, however, cannot be extended in a straightforward manner when a spacetime has multiple horizons. In particular, it is not clear whether there exists a notion of global temperature characterizing the multi-horizon spacetimes. We examine the conditions under which a global temperature can exist for a spacetime with two horizons using the example of Schwarzschild-De Sitter (SDS) spacetime. We systematically extend different procedures (like the expectation value of stress tensor, response of particle detectors, periodicity in the Euclidean time etc.) for identifying a temperature in the case of spacetimes with single horizon to the SDS spacetime. This analysis is facilitated by using a global coordinate chart which covers the entire SDS manifold. We find that all the procedures lead to a consistent picture characterized by the following features: (a) In general, SDS spacetime behaves like a non-equilibrium system characterized by two temperatures. (b) It is not possible to associate a global temperature with SDS spacetime except when the ratio of the two surface gravities is rational. (c) Even when the ratio of the two surface gravities is rational, the thermal nature depends on the coordinate chart used. There exists a global coordinate chart in which there is global equilibrium temperature while there exist other charts in which SDS behaves as though it has two different temperatures. The coordinate dependence of the thermal nature is reminiscent of the flat spacetime in Minkowski and Rindler coordinate charts. The implications are discussed.
Introduction
It is possible to associate a notion of a thermodynamic temperature with metrics having a single horizon. For example, the general class of spacetimes described by spherically symmetric metrics of the form
with f (r ) having a, single, simple zero at r = r 0 [i.e., f (r ) f (r 0 )(r − r 0 ) near r = r 0 ], have a fairly straightforward thermodynamic interpretation. In fact, it can be shown that the Einstein's equations can be expressed in the form of a thermodynamic relation T d S = d E − PdV for such spacetimes [1] [2] [3] [4] [5] , with the temperature being determined by the surface gravity of the horizon:
The most familiar metric amongst the above class is, of course, the Schwarzschild metric with a black hole event horizon, with the temperature being directly related to the mass of the black hole. The De Sitter metric can also be analysed in a similar manner and one can again identify a unique temperature for the metric [6]. However, since (i) De Sitter spacetime is not asymptotically flat and (ii) the De Sitter horizon is observer dependent, certain new difficulties arise in this case. In particular, concept like "evaporation" of the cosmological horizon is not very obvious unlike in the case of ordinary black holes (some of these issues are discussed in several of the references cited in the bibliography). But these issues have nothing to do with the existence of multiple horizons in spacetimes and hence are beyond the scope of this paper.
A completely different class of conceptual and mathematical difficulties arise while dealing with spacetimes having multiple horizons which we shall analyse in this paper. The simplest spacetime with multiple horizons is that of a black hole in a spacetime with a cosmological constant, described by the Schwarzschild-De Sitter (SDS) metric . The metric is characterized by the presence of a black hole event horizon and a cosmological horizon. In recent times, studying such a spacetime has acquired further significance because of the cosmological observations suggesting the existence of a non-zero positive cosmological constant ([47] ; for reviews, see [48] [49] [50] [51] ). While the observations can be explained by a wide class of models (see, e.g [52,53]), including those in which the cosmic equation of state can depend on spatial scale (see e.g., [54] [55] [56] ), virtually all these models approach the De Sitter (DS) spacetime at late times and at large scales. Thus any black hole which forms in the real universe with a cosmological constant provides an idealization of a SDS spacetime.
The SDS metric has the same form (in one coordinate chart) as the metric in (1) but with a f (r ) that has two simple zeros at r = r ± and two surface gravities κ ± = (1/2)| f (r ± )|. Naively, one could associate two different temperatures to the black hole and cosmological horizon using the two different surface gravities. Since the surface gravities are (generically) different, the spacetime behaves like a system with two temperatures-somewhat like a solid with its edges kept at two thermal
